Eye-hand coordination was investigated with the global effect paradigm. In this paradigm, saccades typically land in between the target and a nearby presented distractor, the configuration's center of gravity. This so-called global effect, or spatial averaging, is attributed to incomplete target selection. Four experiments demonstrated a similar effect for hand movements; thus, eye and hand are coupled during target selection. However, under some conditions the global effect was different for eye and hand, suggesting that their coupling is not achieved through a shared target representation. Instead, eye and hand seem to use 2 separate target representations that exchange information. The convergent amplitudes of eye and hand with simultaneous execution support this interpretation. Latencies showed a similar converging pattern.
A great number of daily activities require the coordinated action of eye and hand. Whether reaching for a coffee cup or playing tennis, it is necessary to couple motor information with visual information for these actions to be successful. Because the hand motor system relies on visual information, it seems likely that the motor systems of eye and hand are closely coupled. Coupling can be studied with respect to the time of movement initiation and the representation of target position of both eye and hand.
It is generally assumed that the information used for movement initiation differs for eye and hand movements (e.g., Gielen, van den Heuvel, & van Gisbergen, 1984) , at least in the case of reactive movements (Sailer, Eggert, Ditterich, & Straube, 2000) . This assumption is supported by the rather weak correlations found between eye and hand movement latencies toward visual targets (e.g., Frens & Erkelens, 1991; Neggers & Bekkering, 1999) . Movement initiation is thus probably based on two parallel motor commands generated after the arrival of visual information rather than on a single common motor command.
Whereas coupling of movement initiation (temporal coupling) has been thoroughly investigated, less is known about the coupling of target position representation (spatial coupling). There is, however, increasing evidence that this information is shared by eye and hand (e.g., Gielen et al., 1984; Mather, 1985) . Several studies have demonstrated that retinal and extraretinal signals obtained during a saccade influence reaching movements. For example, handmovement amplitude can be changed by manipulating only saccades (Nemire & Bridgeman, 1987; van Donkelaar, 1997 van Donkelaar, , 1998 . Moreover, changes in saccadic amplitude during saccadic adaptation were found to transfer to the hand motor system (Bekkering, Abrams, & Pratt, 1995; de Graaf, Pélisson, Prablanc, & Goffart, 1995) . It has also been proposed that eye position itself may provide the target for the hand motor system (Adam, Ketelaars, Kingma, & Hoek, 1993; Soechting, Engel, & Flanders, 2001 ). Other studies, on the contrary, have raised doubts about a close spatial coupling of eye and hand. Several studies that have correlated the end positions of eye and hand found only weak correlations (Biguer, Prablanc, & Jeannerod, 1984; Delreux, VandenAbeele, Crommelinck, & Roucoux, 1991; Sailer et al., 2000) . An exception was recently reported by Soechting et al. (2001) , who found that pointing errors and errors at the final gaze position were highly correlated, even when saccades had drifted to this final position.
These discrepancies and the difficulties of interpreting them may result from the use of different tasks that addressed coupling at different points in time during movement production. Previous work on eye-hand coordination has not resolved whether the coupling phenomena observed arise in target selection, that is, during processes from early visual input (sensory perception) until the target is selected, or in movement generation, that is, movement programming and execution. For example, it is unclear whether adaptation takes place at the stage of early sensory perception or at movement generation (Bekkering, 1995) . Similarly, it is unclear whether the visual illusion used in the study by Soechting et al. (2001) affected eye-hand coupling at the level of early sensory perception or not until movement generation.
To better understand eye-hand coupling, we believe it is necessary to specify whether coupling is measured during target selection or during movement generation. One task that allows this is the global effect paradigm, a task requiring saccades to a target in the proximity of a distractor. Under this condition, saccades land at a position intermediate between target and distractor. Appar-ently, target and distractor are not completely resolved spatially by the saccadic system. This effect is referred to as spatial averaging or the center of gravity effect (Coren & Hoenig, 1972) , or more generally, the global effect of the target-distractor configuration (Findlay, 1981 (Findlay, , 1982 .
More specifically, the global effect is assumed to arise from the limited time available for processing information about target position prior to a saccade. This temporal limit may lead to the global effect either because visual processing is terminated preliminarily (Coeffé & O'Regan, 1987) or because the saccade is initiated before the target has been discriminated from the distractor (Aitsebaomo & Bedell, 2000; Coeffé & O'Regan, 1987; Ottes, van Gisbergen, & Eggermont, 1985) . Consequently, a global effect would occur on the level of target selection only.
Averaging saccades are typically saccades with relatively short latencies. The averaging effect is diminished or even disappears with increasing latencies. This applies both to long-latency saccades within the natural variation of latencies (Ottes et al., 1985) and to responses delayed by instruction (Coeffé & O'Regan, 1987; Findlay, 1983; Ottes et al., 1985) . Currently under debate is whether the increased saccadic accuracy is due to visual information about the configuration being more detailed or to the target separation process having been completed (Aitsebaomo & Bedell, 2000; Eggert, Sailer, Ditterich, & Straube, in press ).
To our knowledge, it has not been investigated thus far whether the global effect also pertains to hand movements. One result that suggests a similar effect for hand movements stems from a study that measured the direction of reaching movements toward a target that appeared after a peripheral distractor was presented (Lee, 1999) . Hand movements with latencies below 200 ms were mostly initiated toward the distractor, whereas movements with latencies above 300 ms were mostly initiated toward the target. At latencies between 200 and 300 ms, movements were often initially directed between the distractor and the target. Initial movement direction gradually changed from the distractor to the target as the latency increased.
The goal of the present study was to investigate spatial eyehand coordination by using the global effect paradigm. Any coupling phenomena observed with this paradigm can be attributed to the stage of target selection. If the hand motor system accesses eye movement information at a later point in time, that is, when target separation is already completed, then no global effect should be observed for hand movements. If, in contrast, hand movements are based on the same initial information (target representation) as eye movements, hand movements should show not only a global effect, but also one of comparable magnitude.
To this aim, eye and hand movements toward targets with and without a distractor were investigated when performed alone (single-task conditions) or concurrently (dual-task condition). Consequently, it was possible to determine potential effects of the target-distractor configuration on eye and hand movements separately. Moreover, we determined whether this effect is mediated by the influence of one motor system on the other. If the global effect is specific to eye movements, then no such effect should be observed for hand movements alone. However, it could spread to the hand movement system in the dual-task condition if both are tightly coupled.
Experiment 1
Experiment 1 used a distractor that was less eccentric than the target. Therefore, a global effect would be manifest in reduced movement amplitude in the presence of a distractor. Eye and hand should land in between the target and the distractor.
Method Subjects
Nine research workers from the neurology department of LudwigMaximilians-University Munich, 3 women and 6 men (age 27-42 years), participated in the experiment. Five of them were naive with respect to the hypotheses and the purpose of the experiment; 4 of them (the authors) were not. Handedness was assessed with the Edinburgh Handedness Inventory (Oldfield, 1971) . All subjects were right-handed, except for one subject who was ambidextrous.
Apparatus
The subjects viewed a 15-in. (38.1-cm) flat screen color monitor (NEC MultiSync LCD 1525S) with a frame frequency of 72 Hz and a spatial resolution of 1,280 ϫ 1,024 pixels. An additional pane of Perspex reinforced the screen, which was firmly screwed to a table at an angle of 50°. The subjects were seated in front of the table at a distance of approximately 35 cm from the screen, with their right elbow resting on a padded support and their head stabilized by a chin rest. A personal computer was used for experimental control, visual presentation, control of video signals by means of a Texas Instruments Graphics Adapter interface, and data collection. The stimuli appeared on a dark gray background.
Measurement of Hand and Eye Movements
To measure hand movements, we attached an ultrasonic speaker, 1 cm in diameter, to the tip of the subject's right index finger. This speaker's location was sampled at 200 Hz by an ultrasonic device (Zebris, Isny, Germany). Pointing position was defined as the horizontal coordinate of this speaker. A calibration of the system was performed at the beginning of each session on the basis of a set of four markers with known threedimensional coordinates. This yielded a mean accuracy of 3.6 mm over all sessions. Hand movements were calibrated by having the subjects point to targets at known eccentricities.
Horizontal eye movements were measured with an infrared corneal reflection device (IRIS, Skalar, Delft, the Netherlands), sampled at 1 kHz. Eye movements were calibrated by having the subject fixate targets at known eccentricities.
All data were stored for later offline analysis. Raw eye and hand movement data were calibrated by means of a third-order polynomial based on fixation data or pointing data, respectively. For a hand movement to be marked as a pointing movement, its peak velocity had to exceed 10°/s and its amplitude had to exceed 5°. For an eye movement to be marked as a saccade, its peak velocity had to exceed 50°/s and its amplitude had to exceed 5°. The moment at which velocity exceeded or fell below 10% of peak velocity determined the beginning or end of a hand or eye movement.
Trials in which eye movements were required were discarded if saccade latency exceeded 1,000 ms. Trials with eye or hand movement latencies below 80 ms were excluded because they were considered anticipatory. During the hand-alone condition, trials in which a saccade occurred before completion of the pointing movement were discarded. Outliers were defined separately for each condition and for trials with and without distractors as those trials in which the gain of the eye or hand movement (ratio of eye or hand amplitude to target amplitude) deviated by more than 2 SD from the mean gain across all subjects. Of all trials, 2% were discarded in the single-task eye condition (eye movements only), primarily because of gain outliers; 15% in the single-task hand condition (hand movements only), mainly because a saccade toward the target occurred before completion of the hand movement; and 7% in the dual-task condition (simultaneous eye and hand movements), mainly because of gain outliers.
Stimuli and Task
The paradigm is shown in Figure 1 . A red fixation spot was presented for 1,500 ms. One hundred milliseconds after it was extinguished, a peripheral white target spot was flashed for 50 ms. This target appeared at a random position between 8°and 10°to the right or left of the fixation spot. In 50% of the trials, a white distractor spot was flashed for 50 ms, together with the target. It was located at an angle of 4°from the target and was always closer to the fixation spot than the target. Fixation spot, target, and distractor were always at the same height. Target and distractor were not distinguishable by appearance.
When the target disappeared, the background illumination of the monitor was turned off, leaving the subject in complete darkness. The fixation spot of the next trial appeared at the previous target position 1,500 ms after a saccade was detected, or 2,000 ms after the target disappeared if no saccade was detected within 500 ms after target disappearance. The subject's task was to move the eye and/or hand toward the target as quickly as possible. Subjects were told that when they saw two white spots they should "move towards the more eccentric one, that is, the one further away from the fixation spot." The task entailed three conditions: (a) saccade to the target (single-task eye condition), (b) saccade and point to the target (dual-task condition), and (c) point to the target while keeping the eyes fixated at the location of the (now extinguished) fixation spot (singletask hand condition). To facilitate fixation under the latter condition, we told each subject to not make any eye movement before the monitor was switched on again. The subjects were further instructed to realign their eye and/or hand with the fixation spot at the beginning of the next trial.
Practice trials were performed during both the first session and the hand-alone condition (single-task hand condition), until subjects felt familiar with the task. Each condition consisted of 200 trials, 100 with distractor and 100 without distractor. Subjects performed all three experimental conditions, each on a different day. The order of the conditions was counterbalanced.
Dependent Variables and Offline Analysis
Two dependent variables were calculated for both eye and hand movements: latency and signed amplitude error. Latency was defined as the time interval between target onset and movement initiation. The signed amplitude error was defined as the difference between primary eye or hand amplitude and target amplitude. The amplitude of eye, hand, and target was defined as the difference between the respective start and end position.
Positive amplitudes denote movements to the right; negative amplitudes, movements to the left.
The sign of the amplitude error was adjusted to reflect the movement direction, so that negative error values indicated an undershoot and positive values an overshoot. Consequently, with identical target amplitudes, the smaller the error, the smaller the movement amplitude. Compared with the measure of amplitude, the signed amplitude error has the advantage of eliminating the variations in target amplitude (distance of the target from the fixation spot) because the distance of the target from the distractor does not change. It is important to keep in mind that a smaller signed amplitude error does not mean increased accuracy but, instead, increased undershoot or reduced overshoot. Subsequently the term amplitude is sometimes used for better understanding.
First, each dependent variable was analyzed separately for eye and hand by means of a repeated measures analysis of variance (ANOVA) with the factors task condition (single/dual) and distractor status (present/absent). Second, to determine whether the effect of the distractor was similar on eye and hand movements, we entered eye and hand data into one common analysis, introducing the factor movement type (eye/hand). One problem with such an analysis is that potential differences between eye and hand may reflect a latency difference between eye and hand instead of a direct influence on the target representations. This is because manual latencies are typically much longer than saccadic latencies, and the amplitudes of eye and hand depend on latency (e.g., Findlay, 1983; Prablanc, Echallier, Komilis, & Jeannerod, 1979) . To distinguish an influence of the distractor on target representations from mere latency differences, we introduced latency as a changing covariate in a repeated measures ANOVA with the factors movement type (eye/hand), task condition (single/dual), and distractor status (present/absent). Beta weights are presented to indicate the magnitude of relationship (varying from Ϫ1 to 0 to ϩ1) between the predictor variable (latency) and the variable being predicted (signed amplitude error).
This analysis compensates for the effect of latency on the signed amplitude error, but only if there is a linear relationship between latency and signed amplitude error that is homogeneous across the factor levels involved. Therefore, it is only a first approach to separate direct effects of the distractor on the target representation from indirect effects mediated by latency.
Further analyses are necessary to examine more complicated latencymediated effects, such as a latency dependence of the signed amplitude error that is different across factor levels, that is, for trials with and without distractor. Such an effect is suggested by findings in the literature (Coeffé & O'Regan, 1987; Findlay, 1983; Ottes et al., 1985) : Typically, the global effect is most likely when the response is fast, prior to efficient target selection. Therefore, we investigated in a further analysis whether the dependence of the global effect on latency was similar for eye and hand movements. First, latencies were broken down into four bins. The latencies were sorted separately for eye and hand movements from fastest to slowest across all subjects and conditions and then were split into four equal-sized groups. Univariate ANOVAs confirmed that these groups were different from each other in all experiments. These groups formed the factor latency group for the later ANOVA. Then, the mean signed amplitude errors of eye and hand movements were calculated for each group level and separately for each distractor status (present/absent). Data were collapsed across single-and dual-task conditions to ensure a sufficient number of data values for the analysis. The signed amplitude errors of eye and hand were then submitted to a 2 ϫ 4 ϫ 2 repeated measures ANOVA with the factors movement type (eye/hand), latency group (1-4), and distractor status (present/absent). Larger distractor effects with longer latencies would become evident if distractor status and latency group interacted. The Mauchly test was applied to determine sphericity of the data. If the data were not spherical, the Huynh-Feldt correction was applied. In this case, the corrected degrees of freedom and significances are reported. Post hoc comparisons were always based on Scheffé's test.
Results

Eye Movements
Saccadic latencies. The mean saccadic latencies across subjects are presented in Table 1 . There was a main effect of distractor status, F(1, 8) ϭ 14.34, p Ͻ .01. Saccadic latencies were significantly longer when the distractor was present than when the distractor was absent. There was also a main effect of task condition, F(1, 8) ϭ 9.11, p Ͻ .05. Saccadic latency was longer in the dual-task condition than in the single-task condition. Thus, it took longer to initiate an eye movement with concomitant hand movements. There were no significant interactions.
Signed eye amplitude error. The mean signed eye amplitude errors across subjects are presented in Table 1 . There was a main effect of distractor status, F(1, 8) ϭ 8.78, p Ͻ .05. The signed eye amplitude error was significantly smaller (i.e., movement amplitude was smaller) when the distractor was present than when it was absent (see Figure 2 ). Table 1 shows that the tendency of eye movements to undershoot the target was increased with a less eccentric distractor, so that they landed in between the two. No other effects were significant.
Hand Movements
Manual latencies. The mean manual latencies across subjects are presented in Table 1 . There was a main effect of task condition, F(1, 8) ϭ 9.35, p Ͻ .05. Manual latency was longer in the single-task condition than in the dual-task condition. In contrast to eye movements, hand movements were initiated more quickly with concomitant eye movements. There was also a marginally significant main effect for distractor status, F(1, 8) ϭ 4.26, p ϭ .07. Manual latency was longer when the distractor was present (M ϭ 486 ms, SD ϭ 156 ms, n ϭ 9) than when absent (M ϭ 497 ms, SD ϭ 160 ms, n ϭ 9). Thus, the distractor seemed to interfere with planning and initiating a hand movement toward the target.
Signed hand amplitude error. The mean signed hand amplitude errors across subjects are presented in Table 1 . There was a main effect of distractor status, F(1, 8) ϭ 8.57, p Ͻ .05. The signed hand amplitude error was significantly smaller when the distractor was present than when it was absent (see Figure 2 ). Hand movements always landed outside the target-distractor configuration, but in the presence of a distractor this overshoot was reduced (see Table 1 ). There was also a main effect of task condition, F(1, 8) ϭ 16.85, p Ͻ .01. The hand amplitude was larger in the single-task condition than in the dual-task condition. Moreover, there was also a change in the direction of the error. Whereas the hand overshot in the single-task condition, it undershot in the dual-task condition. Because the eye always undershot the target, the behavior of the hand was more similar to that of the eye in the dual task than in the single task. No other effect was significant. Figure 2 . Mean differences (diff.) in eye and hand signed amplitude (amp.) errors (i.e., size of the global effect) between trials with and without a near distractor across single-and dual-task conditions (the distractor was less eccentric than the target) in Experiment 1 (n ϭ 9). Error bars represent standard errors of the means. deg ϭ degrees.
Eye and Hand Movements
Signed amplitude error with latency effects partialed out. The separate analyses of eye and hand movements revealed that the distractor affected the amplitudes of both eye and hand movements. After the effects of latency were partialed out in a joint analysis, two main effects remained.
A main effect of movement type showed that the amplitude was smaller for eye movements than for hand movements, F(1, 7) ϭ 11.42, p Ͻ .05. The regression analyses performed as part of this covariance analysis showed that this effect was moderately influenced by latency (␤ ϭ Ϫ.51). A main effect of distractor status, F(1, 7) ϭ 9.92, p Ͻ .05, showed that the amplitude was smaller when the distractor was present than when it was absent. Thus, both eye and hand were drawn toward the distractor. This effect was also found to be moderately influenced by latency (␤ ϭ .53). No interactions were observed. The absence of an interaction of movement type and distractor status indicates that the distractor similarly affected eye and hand movements (after compensating for latency effects).
Effect of latency on the signed amplitude error (bin analysis). For eye movements, levels for the latency group factor were 82-230 ms (Group 1), 231-282 ms (Group 2), 283-342 ms (Group 3), and 343-958 ms (Group 4). For hand movements, levels for the latency group factor were 174 -336 ms (Group 1), 337-407 ms (Group 2), 408 -536 ms (Group 3), and 537-1758 ms (Group 4).
There was a main effect of latency group, F(2.6, 15.9) ϭ 6.44, p Ͻ .01, indicating that movement amplitude increased with increasing latency. There was also a main effect of distractor status, F(1, 6) ϭ 7.14, p Ͻ .05, indicating that movement amplitude was smaller when a distractor was present. This effect paralleled that in the covariance analysis, that is, both eye and hand landed farther away from the target and closer to the distractor.
Moreover, three interactions involving the factor latency group were observed. First, latency group interacted with movement type, F(3, 18) ϭ 4.30, p Ͻ .05. Only within the first latency group was eye amplitude significantly smaller than hand amplitude ( p Ͻ .05). Eye and hand amplitude did not differ within Groups 2 to 4. At the longest latencies, eye movement amplitude began to decrease again. Second, latency group interacted with distractor status, F(3, 18) ϭ 6.49, p Ͻ .01. This interaction was, however, not due to a difference in the global effect depending on latency groups. Third, latency group interacted with movement type and distractor status, F(3, 18) ϭ 4.25, p Ͻ .05. For both movement types, amplitude tended to increase with latency. The distractor affected eye movement amplitude, particularly at short latencies (difference between present and absent distractor p Ͻ .05). Thus, for eye movements, the distractor effect was largest when the movements were fast. This dependence of the distractor effect on movement latency was less pronounced for hand movements.
Discussion
Experiment 1 showed that the presence of a distractor less eccentric than the target resulted in smaller eye and hand amplitudes. Direction and magnitude of the effect were similar for eye and hand movements.
This similarity of the distractor effect on movement amplitudes points to a coupling of eye and hand in the spatial domain. A coupling in the temporal domain is suggested by the finding that the latencies of eye and hand approached each other in the dualtask condition.
Eye and hand differed, however, in the dependence of the distractor effect on movement latency. For short-latency eye movements, the tendency to land in between the target and the distractor was particularly obvious. The distractor effect of hand movements did not depend on movement latency. Moreover, for trials both with and without distractor, hand movement amplitude always increased with latency, whereas eye movement amplitude first increased and then started to decrease again with longer latencies (Groups 3 and 4). These results show that the target representations of eye and hand are not equally affected in all respects by the presence of a distractor.
Experiment 2
Whereas eye movements showed a classic global effect in Experiment 1, landing at a position between the target and the distractor, hand movements showed a reduced overshoot when a distractor was present. As a result, hand movements actually became more accurate (see Figure 1) .
Because manual latencies were also somewhat increased in the presence of a distractor, it cannot be ruled out that the reduced overshoot of hand movements in trials with a distractor was due to an improvement of movement accuracy related to the longer latency. Thus, the results could simply be the effect of a speedaccuracy trade off. Therefore, Experiment 2 was conducted to distinguish a distractor effect from the effect of increased accuracy. If the distractor is more eccentric than the target, a distractor effect should be evident in increased overshoot, whereas increased accuracy should result in reduced overshoot (see Figure 3 ).
Method
Subjects, stimuli, apparatus, measured variables, and procedures were the same as in Experiment 1, except for the location of the distractor and the subject's instructions. In contrast to Experiment 1, the distractor was located 4°more eccentric than the target. Thus, the target was always closer to the fixation point than the distractor. Accordingly, subjects were told that when they saw two white spots they should "move towards the less eccentric one, that is, the one closer to the fixation spot."
Of all trials, 3% were discarded in the single-task eye condition primarily due to gain outliers; 11% in the single-task hand condition, mainly because a saccade toward the target occurred before completion of the hand movement; and 11% in the dual-task condition, mainly because of gain outliers.
Results
Eye Movements
Saccadic latencies. The mean saccadic latencies across subjects are presented in Table 2 . There was a main effect of task condition, F(1, 8) ϭ 20.86, p Ͻ .01. As in Experiment 1, saccadic latencies were longer in the dual-task condition than in the singletask condition. No other effect was significant.
Signed eye amplitude error. The mean signed eye amplitude errors across subjects are presented in Table 2 . There was a main effect of distractor status, F(1, 8) ϭ 36.94, p Ͻ .001. The eye amplitude was larger when a distractor was present than when it was absent (see Figure 4 ). This means that eye movements landed in between the target and the more eccentric distractor. No other effects were significant.
Hand Movements
Manual latencies. The mean manual latencies across subjects are presented in Table 2 . As in Experiment 1, there was a tendency for the latency of hand movements to increase in the single-task condition. No significant effects or interactions were observed.
Signed hand amplitude error. The mean signed hand amplitude errors across subjects are presented in Table 2 . There was a main effect of distractor status, F(1, 8) ϭ 19.45, p Ͻ .01. The signed hand amplitude error was significantly larger with a present distractor than with an absent distractor (see Figure 4) . Thus, hand movements, like eye movements, landed in between the target and the more eccentric distractor. There was also a main effect of task condition, F(1, 8) ϭ 18.15, p Ͻ .01. Analogous to Experiment 1, the hand amplitude was larger in the single-task condition than in the dual-task condition. Thus, hand movements were more accurate when accompanied by eye movements. The hand was even found to slightly undershoot in the dual-task for trials without a distractor. No other effect was significant.
Eye and Hand Movements
Signed amplitude error with latency effects partialed out. The joint analysis of signed eye and hand amplitude errors revealed a main effect of movement type, F(1, 7) ϭ 26.23, p Ͻ .01. As in Experiment 1, the amplitude was smaller for eye movements than for hand movements. This indicates a general tendency of the hand to make larger movements than the eye. The regression analyses performed as part of this covariance analysis showed that this effect was strongly influenced by latency (␤ ϭ Ϫ.79). There was also a main effect of task condition, F(1, 7) ϭ 6.24, p Ͻ .05 which was strongly influenced by latency (␤ ϭ Ϫ.67). Movement amplitude was larger in the single-task condition than in the dual-task condition. Thus, both movement types were more accurate when they were executed concurrently. This effect was paralleled by an interaction of the factors task condition and distractor status, F(1, 7) ϭ 10.93, p Ͻ .05. Thus, the distractor had a larger effect in the single-task condition, and this effect was strongly influenced by latency (␤ ϭ Ϫ.76).
There was also a main effect of distractor status, F(1, 7) ϭ 23.08, p Ͻ .01, which was only weakly mediated by latency (␤ ϭ Ϫ.17). The negative sign of this regression coefficient indicates that the amplitude decreases with latency, as would be expected with a more eccentric distractor. In contrast, in Experiment 1 (with a less eccentric distractor) the sign was positive, indicating that amplitude increased with latency. The main effect of distractor status was a larger amplitude with a present distractor than with an absent distractor, that is, both eye and hand movements were drawn toward the distractor. There was no interaction between movement type and distractor status. Therefore, the distractor did not differentially affect eye and hand amplitudes. No other interactions were significant.
Effect of latency on the signed amplitude error (bin analysis). For eye movements, levels for the factor latency group were 83-152 ms (Group 1), 153-261 ms (Group 2), 262-330 ms (Group 3), and 331-996 ms (Group 4). For hand movements, levels for the factor latency group were 117-287 ms (Group 1), 288 -337 ms (Group 2), 338 -418 ms (Group 3), and 419 -1,632 ms (Group 4).
Analogous to the covariance analysis, there was a main effect of distractor status, F(1, 6) ϭ 26.71, p Ͻ .01, indicating that movement amplitude was larger when a distractor was present. Similar to Experiment 1, latency group interacted with movement type, F(3, 18) ϭ 8.64, p Ͻ .01. Whereas hand movement amplitude increased with increasing latency, eye movement amplitude first increased before again decreasing. At the longest latencies, hand movement amplitude was significantly larger than eye movement amplitude ( p Ͻ .01). Thus, the tendency of hand movements toward larger amplitudes seems to be increased with longer latencies. There was no interaction between latency group and distractor status, indicating that the global effect was not larger with shorter latencies for either movement type. No other effects or interactions were significant.
Discussion
Experiment 2 was conducted to distinguish a distractor effect on hand movements from the effect of increased accuracy. This distinction was necessary because the reduced hand amplitude in the presence of a distractor in Experiment 1 implied greater accuracy, coinciding with increased manual latencies.
With a target less eccentric than the distractor, a distractor effect should be evident in increased overshoot, whereas increased accuracy should result in reduced overshoot. Indeed, hand movement overshoot increased in the presence of a more eccentric distractor. Therefore, hand movements in the presence of a distractor were not closer to the target (i.e., not more accurate), but clearly showed spatial averaging between target and distractor. Thus, the distractor directly affects the target representation for hand movements.
The same was true for eye movements. Eye movement amplitude also increased in the presence of a distractor. Again, the distractor effect was similar for eye and hand movements.
The dependence of movement amplitude on latency was again different for eye and hand movements. As in Experiment 1, hand movement amplitude consistently increased with increasing latency. Eye movement amplitude first increased more steeply before again decreasing with longer latencies. Contrary to Experiment 1, the global effect for eye movements was independent of latency. The global effect for hand movements was also independent of latency.
In the dual-task condition, the amplitudes of both eye and hand were smaller and more accurate. Moreover, the influence of the distractor was reduced when both movements were executed concurrently.
Experiment 3
Experiments 1 and 2 showed that the global effect also exists for hand movements. However, this demonstration was restricted to the use of flashed targets. For eye movements, a global effect has been found with both targets of longer duration and flashed targets (Eggert et al., in press ). We performed Experiment 3 to determine whether the global effect for hand movements is also present with longer target presentation times. Results of the examination of a dependence of the global effect on presentation time can give insight into the question of when information about target position is accessed.
There are at least two possible strategies on how and when eye and hand could use longer available target information. First, eye and hand make use of as much information as possible for movement programming before movement initiation. This would be reflected in longer latencies and decreased global effect with increasing presentation time. Second, the movement is initiated as quickly as possible, irrespective of differences in the amount of available information. The information provided may be used for feedback correction-online correction of the hand and corrective saccades of the eye-rather than for movement programming. This would be reflected in an independence of the latencies and the global effect from presentation time. Three different times were chosen: 50 ms, to replicate the results of Experiments 1 and 2; 350 ms, as an approximate time after the hand has started to move but not yet arrived; and 850 ms, when the hand movement is completed in most cases as the target disappears. In contrast to Experiments 1 and 2, no dual-task condition was included in Experiment 3. This is because lengthened target presentation times in the dual-task condition have the consequence that in some trials, the eye is on target before the target is extinguished. Because hand movement accuracy profits from fixation on the target (e.g., Abrams, Meyer, & Kornblum, 1990; Vercher, Magenes, Prablanc, & Gauthier, 1994) , the effect of target foveation would be confounded with the effect of increased target presentation time. A further confounder could result from information about eye position, which has also been shown to increase hand movement accuracy (Pélisson, Prablanc, Goodale, & Jeannerod, 1986) . As it would have been difficult to control the amount of information about eye position and foveation of the target, no dual-task condition was performed. As in Experiment 2, the distractor was always more eccentric than the target.
Method Subjects
Nine research workers from the neurology department, 2 women and 7 men (age 29 -43 years), participated in the experiment. Six of them were naive with respect to the hypotheses and the purpose of the experiment; 3 of them (the authors) were not. Five subjects had already participated in Experiments 1 and 2. Handedness was assessed with the Edinburgh Handedness Inventory (Oldfield, 1971) . All subjects were right-handed, except for 1 subject who was ambidextrous.
Apparatus
The apparatus was the same as in Experiments 1 and 2. In the hand-alone condition, an additional cardboard shield was attached to the chin rest. It was adjusted individually for each subject, so that the lower part of the screen approximately 3 cm below the target was no longer visible.
Stimuli and Task
A red fixation spot was presented for 1,500 ms in the single-task eye condition and for 3,500 ms in the single-task hand condition. One hundred milliseconds after the fixation spot was extinguished, a peripheral white target spot appeared. The target spot was presented for 50 ms, 350 ms, or 850 ms. The target appeared at a random position between 8 and 10°to the right or left of the fixation spot. In 50% of the trials, a white distractor spot was flashed together with the target for the same duration. It was located at a distance of 4°from the target and was always more eccentric than the target. The fixation spot of the next trial appeared at the previous target position 2,000 ms after the target had disappeared. The subject's task was to move the eye or hand toward the target as quickly as possible. They were told that when they saw two white spots they should "move towards the less eccentric one, that is, the one closer to the fixation spot." The task consisted of two conditions: (a) saccade to the target (single-task eye condition) and (b) point to the target while keeping the eyes fixated at the location of the (now extinguished) fixation spot (single-task hand condition).
Because the LCD display did not allow target presentation without background illumination of the monitor for target duration lasting 350 and 850 ms, sight of the moving hand could not be avoided by turning off the background illumination. In contrast to Experiments 1, 2, and 4, the background illumination always stayed on. At the beginning of the handalone session, subjects were asked to indicate the exact position at which they no longer saw their fingertip on the screen because it was hidden by the shield. They were then instructed to put their finger on the fixation spot at the beginning of a trial, and subsequently move their finger vertically downward on the screen into this region. Pointing toward the target was also performed within this region, at the same horizontal, but lower vertical, position. The instruction given the subjects emphasized that when pointing toward the target, their finger should never be visible. During the experiment, the experimenter checked that the subjects complied with this instruction.
Practice trials were performed in both conditions until the subjects felt familiar with the task. In the hand-alone condition, the experimenter first demonstrated the task before the practice trials started. Each condition consisted of 240 trials, 40 with distractor and 40 without distractor for each of the three presentation times. Subjects performed both experimental conditions, each on a different day. The order of conditions was counterbalanced.
Measurement of Hand and Eye Movements
Measurement of hand and eye movements was the same as in Experiments 1 and 2. An additional outlier criterion was required in the eye-alone condition, excluding trials in which the position of the eye at the beginning of a movement deviated more than 5°from the target position. Of all trials, 6% were discarded in the single-task eye condition, primarily because of gain outliers, and 13% in the single-task hand condition, mainly because a saccade toward the target occurred before completion of the hand movement. Calibration of the ultrasonic device yielded a mean accuracy of 3.58 mm. Hand movements were calibrated by having the subjects point to targets at fixed eccentricities that provided each subject a full view of their hand.
Dependent Variables and Offline Analysis
Dependent variables were the same as in Experiments 1 and 2: latency and signed amplitude error. The dependent variables were each analyzed by means of a 2 ϫ 3 ϫ 2 repeated measures ANOVA with the factors movement type (eye/hand), target duration (50 ms/350 ms/850 ms), and distractor status (present/absent). For better comparability with Experiments 1 and 2, analysis of the signed amplitude error was again performed with latency as a changing covariate.
Results
Eye and Hand Latencies
Mean saccadic and manual latencies across subjects are presented in Table 3 . Not surprisingly, there was a main effect of movement type, F(1, 8) ϭ 33.00, p Ͻ .001, indicating that latencies of hand movements were larger than those of eye movements. No other significant effects or interactions were observed. The latencies of both eye and hand were thus independent of target duration.
Signed Eye and Hand Amplitude Error With Latency Effects Partialed Out
Mean signed eye and hand amplitude errors across subjects are presented in Table 3 . There was a main effect of distractor status, F(1, 7) ϭ 21.98, p Ͻ .01. This effect was not influenced by latency (␤ ϭ .07). Movement amplitude was larger when a distractor was present than when it was absent. Thus, as in Experiment 2, eye and hand landed in between the target and the distractor. However, this global effect was larger for eye than for hand movements, as shown by an interaction of movement type and distractor status, F(1, 7) ϭ 13.64, p Ͻ .01. This effect was slightly mediated by latency (␤ ϭ .36). Target duration had only a marginally significant main effect, F(2, 14) ϭ 3.64, p ϭ .05. This effect was in part (depending on the factor level) mediated by latency (␤ coefficients ranging from Ϫ.46 to .83). Both eye and hand amplitude tended to decrease with increasing target duration, that is, movements became more accurate (see Figure 5 ). The failure of distractor status to interact with target duration showed that the global effect did not depend on the duration of the target. No other effects or interactions were observed.
Discussion
The results of Experiment 3 help to determine at what point in time target information is accessed by eye and hand. To achieve this aim, we varied the presentation time of the target.
There was a global effect both for eye and hand movements, but contrary to Experiments 1 and 2, the effect was larger for the eye than for the hand. For neither movement type was this global effect dependent on the presentation time of target and distractor. Although movements generally became more accurate with increasing target duration (see Figure 5 ), the global effect was not abolished, not even when target and distractor remained present until almost the end of the trial. Latencies of eye and hand movements did not vary with presentation time. These findings favor the second strategy suggested: Subjects first aim at the center of the target-distractor configuration as rapidly as possible, from which point the target can be reached or searched for more easily (Jacobs, 1987) .
Experiment 4
In Experiments 1, 2, and 3, the distractor was always either less eccentric or more eccentric than the target. Thus, subjects knew beforehand approximately where the target would appear. This may have reduced the interference of the distractor with the target. Therefore, we conducted an experiment in which the relative positions of target and distractor were varied. If eye and hand use the same target representation, such changed information about the target should affect them both in the same way. We hypothesized that the eye and hand would be pulled toward the distractor from trial to trial, depending on the location of the distractor.
Method Subjects
Nine research workers from the neurology department, 5 women and 4 men (age 24 -43 years), participated in the experiment. Six of them were naive with respect to the hypotheses and the purpose of the experiment; 3 of them (the authors) were not. Five subjects had already participated in Experiments 1, 2, and 3. Handedness was assessed with the Edinburgh Handedness Inventory (Oldfield, 1971) . Seven subjects were right-handed, one subject was ambidextrous, and one was left-handed.
Apparatus
The apparatus was the same as in Experiments 1 and 2.
Stimuli and Task
The fixation spot was a magenta cross, the target was a white cross, and the distractor was a white circle, each of the same diameter. The presen- (41) 207 (46) 190 (39) 192 (27) 186 (34) 197 (36) Hand latency (ms) 496 (132) 467 (128) 512 (159) 511 (144) 541 (242) 534 ( tation time of target and distractor was set at 50 ms. The fixation cross was presented for 1,500 ms. One hundred milliseconds after the fixation cross was extinguished, the peripheral target was flashed. The target appeared at a random position between 8 and 10°to the right or left of the fixation spot. The distractor was located at a distance of 4°from the target. In 33% of the trials, the target was presented alone; in 33% the distractor appeared at a position more eccentric than the target; and in 33%, the distractor appeared at a position less eccentric than the target. The distractor was always presented at the same time as the target. When the target disappeared, the background illumination of the monitor was turned off, leaving the subject in complete darkness. The fixation spot of the next trial appeared at the previous target position 1,500 ms after a saccade was detected, or 2,000 ms after the target disappeared if no saccade was detected within 500 ms after the target disappeared. The subject's task was to move the eye and/or hand toward the white cross as quickly as possible. Subjects were told that when the white cross and the white circle appeared simultaneously they should "ignore the circle and move towards the cross." The task entailed three conditions: (a) saccade to the target (single-task eye condition), (b) saccade and point to the target (dual-task condition), and (c) point to the target while keeping the eyes fixated at the location of the (now extinguished) fixation spot (singletask hand condition). To facilitate fixation in the latter condition, subjects were told not to make any eye movement before the monitor was switched on again. The subjects were further instructed to realign their eye and/or hand with the fixation spot at the beginning of the next trial.
Practice trials were performed during both the subjects' first session and the hand-alone condition (single-task hand condition) until the subjects felt familiar with the task. Each condition consisted of 240 trials, 80 without distractor, 80 with a distractor more eccentric than the target (far distractor), and 80 with a distractor less eccentric than the target (near distractor). Subjects performed all three experimental conditions (i.e., single-task eye, single-task hand, dual task), each on a different day. The order of conditions was counterbalanced.
Measurement of Hand and Eye Movements
Hand and eye movements were measured as in Experiments 1 and 2. An additional outlier criterion was applied to eye movements, excluding trials in which the position of the eye at the beginning of a movement deviated by more than 5°from the target position. Of all trials, 8% were discarded in the single-task eye condition, primarily because of incorrect fixation at the start of the trial; 14% in the single-task hand condition, mainly because of a saccade occurring before completion of the hand movement; and 22% in the dual-task condition, mainly because of gain outliers. Calibration of the ultrasonic device yielded a mean accuracy of 3.88 mm.
Dependent Variables and Offline Analysis
Dependent variables were the same as in Experiments 1 and 2: signed amplitude error and latency. Each dependent variable was analyzed separately for eye and hand by means of a repeated measures ANOVA with the factors task condition (single/dual) and distractor status (near distractor/far distractor/target only). Near distractor meant less eccentric than the target, and far distractor meant more eccentric than the target.
The comparison of signed eye and hand amplitude errors and the analysis of the latency dependence of the global effect were performed as in Experiments 1 and 2, except that the factor distractor status consisted of three levels (near distractor/far distractor/target only) instead of two (present/absent).
In the analyses without covariate, separate a priori planned comparisons were performed to assess the difference in signed amplitude error between the factor levels near distractor and target only, far distractor and target only, and near distractor and far distractor. All other comparisons were performed post hoc by means of Scheffé's test.
Results
Because one of the subjects was ambidextrous and one was left-handed, all of the following analyses were repeated with handedness as a between-subjects factor. The results of both these subjects did not differ from those of the right-handed subjects.
Eye Movements
Saccadic latencies. The mean saccadic latencies across subjects are presented in Table 4 . There was a main effect of distractor status, F(2, 16) ϭ 10.26, p Ͻ .01. Saccadic latencies were larger when a distractor was present, significantly so for the near distractor ( p Ͻ .05). This effect parallels the one found in Experiment 1, in which the distractor was also less eccentric than the target. It seems as if distractors along the movement path interfere more with saccadic programming than distractors that appear beyond the target (Pratt & Abrams, 1994) . There was also a main effect of task condition, F(1, 8) ϭ 8.56, p Ͻ .05. As in Experiments 1 and 2, saccadic latencies were larger in the dual-task condition than in the single-task condition. There was no significant interaction.
Signed eye amplitude error. The mean signed eye amplitude errors across subjects are presented in Table 4 
Hand Movements
Manual latencies. The mean manual latencies across subjects are presented in Table 4 . There was a main effect of task condition, F(1, 8) ϭ 11.02, p Ͻ .05. In contrast to saccadic latencies, which were longer in the dual-task condition than in the single-task condition, manual latencies showed the opposite result. Manual latencies were shorter in the dual-task condition than in the singletask condition. This is again the same effect as in Experiments 1 and 2. No other effects or interactions were significant.
Signed hand amplitude error. The mean signed hand amplitude errors across subjects are presented in Table 4 . There was a main effect of distractor status, F(2, 16) ϭ 61.30, p Ͻ .0001. Compared with the presentation of the target only, the hand amplitude was larger with the far distractor, F(1, 8) ϭ 95.13, p Ͻ .0001. This means that the hand landed in between the target and the far distractor. Hand amplitude toward the far distractor was also significantly larger than toward the near distractor, F(1, 8) ϭ 64.55, p Ͻ .0001. In contrast to eye movements, however, amplitude was not different for the near distractor than without distractor. Thus, for hand movements there was only a global effect for the far distractor, not for the near distractor.
As in Experiments 1 and 2, there was also a main effect of task condition, F(1, 8) ϭ 11.91, p Ͻ .01. Generally, the hand amplitude was larger (i.e., overshoot was larger) in the single-task condition than in the dual-task condition. This was independent of the presence of a distractor. No other effect was significant.
Eye and Hand Movements
Signed amplitude error with latency effects partialed out. Figure 6 shows the signed amplitude errors of eye and hand for different distractor statuses in the single-and dual-task conditions. The separate effect of the distractor on the signed amplitude error of eye and hand movements was confirmed in the joint analysis of eye and hand. There was a main effect of distractor status, F(2, 14) ϭ 39.41, p Ͻ .0001. The regression analyses performed as part of this covariance analysis showed that this effect was in part (depending on the factor level) influenced by latency (␤ coefficients ranging from Ϫ.30 to .56). Compared with the presentation of the target only, amplitudes were smaller with the near distractor ( p Ͻ .001) and larger with the far distractor ( p Ͻ .0001). Amplitude toward the far distractor was also significantly larger than toward the near distractor ( p Ͻ .0001). Thus, overall, both eye and hand movements showed a global effect, landing in between the target and the distractor. This main effect was, however, mainly due to eye movements, as indicated by an interaction between movement type and distractor status, F(2, 14) ϭ 9.18, p Ͻ .01. The influence of latency on this interaction was rather high (␤ coefficients, depending on the factor level, ranging from Ϫ.74 to .51). Whereas the eye movement amplitude toward the near distractor was smaller than toward the target only ( p Ͻ .01), there was no difference for hand movements. This effect parallels the findings of the separate analyses of eye and hand. This means that eye movements showed a global effect both for the near and the far distractor, whereas hand movements showed a global effect only for the far distractor.
One reason for the differential global effect for hand movements with the near and far distractor could be differences in processing during movement execution. It is possible that in the case of the near distractor, more time was used to process information about target position during the ongoing movement. Such an update of the target representation should be reflected in longer hand movement times. To determine this, we calculated hand movement time as the time between the onset and the end of the movement and submitted it to a repeated measures ANOVA with the factors task condition (single/dual), and distractor status (near distractor/far distractor/target only). Hand movement time for the far distractor was longer than for the near distractor or the target only, thus reflecting the findings of amplitudes. Movement time for the near distractor and the target only was not different. Thus, the differential global effect of hand movements with near and far distrac- Figure 6 . Mean differences (diff.) in eye and hand signed amplitude (amp.) errors (i.e., size of the global effect) between trials with and without near and far distractor across single-and dual-task conditions in Experiment 4 (n ϭ 9). Error bars represent standard errors of the means. deg ϭ degrees. tors is not due to different amounts of processing during movement execution.
There was also an interaction between task condition and distractor status, F(2, 14) ϭ 4.58, p Ͻ .05. This interaction was moderately influenced by latency (␤ coefficients ranging from Ϫ.25 to .65). The amplitudes were larger in the single-than in the dual-task condition ( p Ͻ .01) only for the far distractor, not for the near distractor or the target only. This means that the global effect of the far distractor was larger when both movements were executed alone than when they were executed concurrently. Likewise, a larger global effect in the single-task condition was found in Experiment 2 with a far distractor, but not in Experiment 1 with a near distractor. Thus, only with a far distractor are movements toward the target in the presence of a distractor more accurate when eye and hand movements are executed simultaneously.
Effect of latency on the signed amplitude error (bin analysis). For eye movements, levels for the factor latency group were 84 -162 ms (Group 1), 163-277 ms (Group 2), 278 -333 ms (Group 3), and 334 -920 ms (Group 4). Signed eye amplitude errors for these different latency groups are plotted in Figure 7 .
For hand movements, levels for the factor latency group were 88 -270 ms (Group 1), 271-331 ms (Group 2), 332-419 ms (Group 3), and 420 -1,255 ms (Group 4). Signed hand amplitude errors for these different latency groups are plotted in Figure 8 .
There was again a main effect of distractor status, F(2, 10) ϭ 51.98, p Ͻ .0001. Compared with the presentation of the target only, the amplitude was larger with the far distractor, F(1, 5) ϭ 38.77, p Ͻ .01, and smaller with the near distractor, F(1, 5) ϭ 7.82, p Ͻ .05. Amplitude toward the far distractor was also significantly larger than toward the near distractor, F(1, 5) ϭ 163.04, p Ͻ .0001. There was also a main effect of latency group, F(3, 15) ϭ 5.09, p Ͻ .05. The amplitude tended to increase with longer latencies. There was no interaction between distractor status and latency group. Thus, the distractor effect was not larger with smaller latencies. Instead, increasing latencies generally led to larger amplitudes, independent of the presence or location of a distractor. This finding parallels the effect observed in Experiment 1. The effect was more consistent for hand movements than for eye movements, as indicated by an interaction between movement type and latency group, F(3, 15) ϭ 4.09, p Ͻ .05. At the longest latencies, eye amplitude again decreased.
Discussion
Experiment 4 showed that the amplitude of eye and hand movements changed with the position of a distractor. When the distractor was more eccentric than the target (far distractor), amplitudes became larger; when the distractor was less eccentric (near distractor), amplitudes became smaller. Generally, the effect of the far distractor was larger than that of the near distractor. This finding suggests similar processes of eye and hand for specifying target position. However, in the presence of the near distractor only eye movements showed a global effect, whereas hand movements did not. This implies that the interaction between eye and hand is dependent on the task. Under the conditions of the present experiment, the interaction seems to have been higher with the far distractor than with the near distractor. This interpretation is supported by the finding that with the far distractor, the global effect for both eye and hand was reduced when they were executed simultaneously, an effect also found in Experiment 2, which also used a far distractor.
Another difference between eye and hand movements was in the development of movement amplitude with latency. Generally, movements became larger with increasing latency, independent of the presence of a distractor. Similarly to Experiments 1 and 2, this increase was more consistent for hand movements. This difference could be induced by variations in processes after target selection, like the continuous integration of information about the target and the actual status of the effector (eye or hand). An interaction in the temporal domain is again suggested by the finding that the latencies of eye and hand approached each other when executed concurrently.
General Discussion
The present study investigated the coordination of eye and hand by using the global-effect paradigm. The global effect, which is typically observed for eye movements, is the tendency to land in between a target and a distractor that are presented simultaneously and close to each other.
Global Effect of Eye and Hand Movements: Spatial Coupling at the Stage of Target Selection
Our findings also showed a global effect for hand movements, even in the single-task condition in the absence of eye movements. Thus, the global effect is not specific to the oculomotor system, but also occurs in the limb motor system. Moreover, in Experiments 1 and 2 the global effect of hand movements was of the same direction and magnitude as that of eye movements. As the global effect occurs at the level of target selection, before the process of separating the target from the distractor has been completed, eye and hand are coupled at this early stage. To achieve this coupling, eye and hand have to at least exchange information, or, even more, share one target representation. The term shared target representation, as used here, also implies an identical point in time when information about the target is read out. In contrast, differences between either the target representation itself or the point in time when it is accessed for eye and hand are referred to as separate target representations.
Several findings of the present study speak against a target representation shared between eye and hand. First, in Experiment 1, the global effect was reduced with increasing latencies for the eye, but not the hand. This suggests that eye and hand rely on two separate target representations and that the representation of the hand is not updated, but is instead frozen at an early stage.
More evidence for separate target representations was provided by Experiment 3, in which the global effect was in the same direction for eye and hand but was larger for eye movements than for hand movements. If the distractor acted on a shared target representation, the global effect could not be different in magnitude for eye and hand.
The strongest argument against shared target representations results from the different behavior of eye and hand toward the near distractor in Experiment 4. Whereas the global effect for the eye was the same as in Experiments 1, 2, and 3, there was no global effect for the hand with a distractor less eccentric than the target. Hence, the global effect is less stable for hand movements than for eye movements, but it seems to depend more on the features of the target-distractor configuration.
The different behavior of eye and hand toward the near distractor in Experiment 4 can be explained by introducing the concepts of distractor saliency and inhibition. According to Tipper and colleagues (e.g., Tipper, Howard, & Houghton, 2000; Tipper, Howard, & Jackson, 1997) , selection is performed by inhibiting the activation caused by the distractor. With the right amount of inhibition, eye and hand land exactly on the target. With too little or too much inhibition, they do not; that is, an error occurs. With too little inhibition, the error is in the direction of the distractor, and movements land in between the target and the distractor, as found both for the eye (global effect) and the hand (e.g., Tipper et al. 2000; Welsh, Elliott, & Weeks, 1999) . With too much inhibition, the error is in the direction opposite to the distractor; eye (e.g., Doyle & Walker, 2001; Sheliga, Riggio, & Rizzolatti, 1995) and hand movements (Fischer & Adam, 2001; veer away from the distractor. The amount of inhibition is believed to increase with the salience of the distractor. Salience may be expressed in properties of brightness or contrast, and for hand movements, in distance from the hand . Thus, the near distractor generally has differential salience for eye and hand. Assuming that the near distractor was inhibited more strongly for hand movements, the global effect persisted for eye movements but disappeared for hand movements.
However, the same should apply to Experiment 1, as there was also a near distractor involved. In contrast, the hand showed a global effect. In Experiment 1, subjects knew that the distractor was always the nearer stimulus, so the direction in which the target would occur was known in advance. We can only speculate that this higher degree of predictability reduced the saliency of the distractor and, therefore, the amount of inhibition necessary to act on the distractor. This would account for the observed global effect of the hand. In addition to the differences in predictability, Experiments 1 and 4 differed also with regard to the features defining the target, the spatial distribution of distractor positions, and the complexity of visual processing required to select the target. The differences in hand movement responses toward the near distractor in Experiments 1 and 4 could also be due to any of these factors.
On the basis of the results discussed so far, it seems unlikely that the target representation affected by the distractor is the same for eye and hand. Instead, we assume that parallel processes of response selection and inhibition influence the separate target representations of eye and hand. An interaction, in the sense of an exchange of information between these processes, seems to be necessary to achieve a global effect as similar for eye and hand as that found in Experiments 1 and 2. The amount of information exchanged may be dependent on the conditions of the task, as there was less exchange of information in Experiment 4 with a different global effect for eye and hand.
Further support for the existence of separate target representations exchanging information is given by the behavior of eye and hand in the dual-task as compared with the single task, although this method does not provide the advantage of specifying the stage at which coupling takes place. In Experiments 1 and 2, simultaneous execution caused the amplitudes of eye and hand to change in different directions. This cannot be explained with a shared target representation. Instead, such an approximation of amplitudes speaks for the existence of separate target representations that are not completely independent of each other but, instead, interact by exchanging spatial information (Bekkering, 1995; Tipper, Howard, & Paul, 2001 ).
The single-task analyses showed that the influence of concurrent eye movements on hand movements tended to be larger than vice versa. This may be explained by an asymmetry of the reciprocal interaction. However, it could also be argued that the target representation of the hand during execution is continuously modified by the eye position signal (Adam et al., 1993; Hansen & Skavenski, 1985) .
Interaction Between Eye and Hand in the Dual Task: Insights Into Temporal Coupling
Whereas the global effect provides insight into the spatial coupling of eye and hand, it does not address temporal coupling. Temporal coupling of eye and hand can be investigated by comparing eye and hand latencies in single-and dual-task conditions. Similar to amplitudes, the latencies of eye and hand approached each other during concurrent execution in all experiments (although this was not significant for hand movements in Experiment 2). Saccadic latencies increased in the dual-task condition, whereas manual latencies decreased. Such an effect has been reported previously, for example, for the interaction between pointing movements and saccades (Mather & Fisk, 1985) and for onset latency after target direction change in concurrent eye and hand tracking (Engel & Soechting, 2000) . The rapid preparation of the hand movement is at the expense of the time available to prepare the eye movement, suggesting that both motor systems draw on shared processing capacities. This interpretation is supported by the fact that saccadic onset to a second target was considerably delayed until an arm movement to the first target was completed (Neggers & Bekkering, 2000) .
As with amplitudes, the approximation of saccadic and manual latencies can only be explained by information being exchanged from eye to hand. The idea is that separate go signals exist for eye and hand, but the preparation process of one movement type is informed and influenced by the preparation of the other. Planning a hand movement influences the latency of eye movements, and vice versa. Neither common go signals nor independent processing without information exchange can explain the latency changes from single-to dual-task conditions. With a common go signal, the dual task could not have opposite effects on the latency of eye and hand. Neither would independent processing without information exchange lead to shorter latencies in one effector. If the independent processes worked in parallel, the dual task would not have any effect on latency. If the independent processes worked sequentially using shared resources, the latency should always increase in the dual task.
Both the approximation of amplitudes and of latencies represent an effective mechanism for coordinating eye and hand. Similar amplitudes and therefore, landing positions, ensure optimal conditions for the pickup of further visual information to correct the ongoing movement. Similar latencies, and therefore, movement end times, support this mechanism by ensuring that the time at which eye and hand land on the object is not too different, which is important, for example, when objects move. As hand movements are typically accompanied by simultaneous eye movements in everyday life, this synergy enables the organism to optimally interact with its environment.
